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Efficient sampling methods to mover lead-containing bouie dust and haad dust have
been evolved to that sufficient lead is collected for analysis, and to ensure that correlational
analyses linking these two parameters to blood lead are not dependent on the efficiency of
sampling Precise collection of loose house dust from a I-unit area (4*4 cm2) with a Tyton
or stainless steel sampling tube connected to a portable sampling pump (1.2 to 2.5 liters/
min) required repetitive atmplinf (three times). The Tygon tube sampling technique for
loose house dust < 177 urn in diameter was around 72% efficient with respect to dust weight
and lead collection. A representative house dust contained 11% of Hs total weight m this
fraction. A ingle handwipe for applied loose hand dust was not acceptably efficient or
precise, and at least three wyes were necessary to achieve recoveries of >*0% of the lead
applied. House dusts of different panicle sizes <246 iun adhered equally well to hands.
Analysis of lead-containing material usually required at (cast three digestions/decantauon*
mini hot plate or microwave techniques to allow at least 90% of the wad to be recovered.
It was recommended that other investigators validate their handwipiat. home dust sam-
pling, and digestion techniques to facilitate comparison of results across studies. The final
methodology for the Cincinnati longitudinal study was three sampling passes for surface
dust using a stainless steel sampling tube; three microwave digesuons/decaatatiou for
analysis of dust and paint; and three wipes with handwipes with one digestioa/decantation
for the analysis of six handwipes together. • mi *^mc *•*». HC

INTRODUCTION
The relationship between lead contained in soil and in house dust and measures

of lead exposure in children has been the subject of many scientific investigations
in recent years (Angle ti al. 1974; Barltrop et al., 1974; Baritrop, 1975; Brunek-
reef ei al., 1981; Charney el al., 1980; Diemel et al., 1981; Fairey and Gray, 1970;
Lepow et al., 1975; Milar and Cooney. 1982; Milar and Mushak, 1979; Roberts

1 et al., 1974; Roels et al., 1980; Sayre et al, 1974; Shellshear, 1973; Ter Harr and
• Aronow, 1974; Vostal ei al., 1974; Yankel et al., 1977). Most of these investigators
' have tried to correlate sofl or dust lead with Mood kad with little success. There
' have been several reports on the correlation of hand lead to blood lead to support

the hand-in-mouth route of lead ingestion (Charney et al., 1980; Duggan, 1980;
Lepow et al., 1975; Roels et al., 1980; Vostal ei al. 1974). Indeed, Buchet et al

1 This paper was presented at The Second International Conference on Prospective Lead Studies.
Cincinnati. Ohio. April 9-11.1914.

* To whom correspondence should be addressed.
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(19*0). also found that near smeller areas, hand kvcls appeared lo be correlated
lo body burdens of cadmium and arsenic.

The exact contribution of Ihc hand-m-momh route for kad absorption is de-
pendent on many factors for each chdd; e.g.. behavioral patterns, housing con-
dMson*. proximity of ultimate kad sources such as kad paml surfaces and bdluul
(ram automobde exhaust, behavioral patterns of the chdd, and the bioavadabdiiy
of the infested metal specie*. However, the representativeness of the environ-
mental sample* and vahdatson of Ihc sampling techniques for house dust and
hand dust mutt be demonstrated before correlational results can be regarded M
trustworthy. Previous studies have not documented these factors quantitatively.

Whether or not hand and Mood kad arc related may depend upon (I) Ihc
efficiency and representativeness of Ihc washing or handwsping method. (2)
whether the hands arc dehberaldy washed by the child or by Ihc caretaker prior
to sampling (which it often beyond Ihc investigators' control), (3) which pans of
Ihe hand arc placed most often in Ihc mouth. (4) whether the kad it evenly
duinbutcd over ihe surface of the hand, and (J) wiping varying from investigator
so lavctlujaior. Voslal rl al. (1974) reported even distribution of kad on Ihc htnih
of inner-city children Information on any of these (aclors wat usually not pro-
vided in publiihfd studies.

The selection of sampling locations for house dust usually involves a tome what
subjective but not arbitrary procedure. X-Ray fluorescence data for pmnjed waMs
arc commonly used as a guide. In addition. Ihc activity area of the chdd, the
presence of lead-based paint. and Ihe uUaclness of such surfaces, age and activity
of the chdd, caretaker-child interactions, distance (torn roads, house cleanliness,
ventilation, hermilicily of Ihc home, playmate activities, and family schedules arc
tome factors which should contribute to Ihe selection of sampling locations. Once
Ihc timpling me ha* been located, the surface hat lo be sampled efficiently. The
question of whether aH or only pan of Ihc lead-bearing material on each surface
thmiM be or has been colkcled hat never been demonstrated.

We undfnoo> to investigate tome of these sampling problems at pan of a large
prospective rpukmmlogsral study being conducted m Cincinnati, Onto, where •
primary source of the kad exposure for many chddren in this area is thought to
be lead-bated pauu (Hammond ti al.. 19*0). We ultimately wish to cswbhsh
corrclauoM between kad in house and in outside dust, hand dusl. and in paml
with blood. This report concerns the evolution of representative and efficient
sampling techniques for floor house dust and hand dusl, at well at quick, efficient
MmlytKnl icchmiqjMCt for dctcrHuninc Ihc nmosujt of kad in Ihctc tmurei

MATERIALS AND METHODS

To develop methods of known efficiencies. Ihc following steps were carried
out: selection of representative dusl. sods, paints, and surfaces; optimiialion of
Ihe analytical chemical method for kad in 41 of these nuliiccs, «nd optimisation
and characterization of the sampling techniques lor loose C'bioavailabk*' or
"chdd avadabk") door and ledge dust, and hand dusl.

SAMN-fc LtAO UMJBltS n

Srlei lion of RrpiticHHMvt Sumptri of Soil. Dutl. Piuitt. aiul Surjtuet /or
Sample CoUtituut
Soilt. To ascertain whether geologic or anthropogenic sources of kad were

present in the Cmcmnali area, representative specimens uncontaminaled by an-
Ihropogenic activity and from a specific prehistoric age were chosen lo determine
Ihe crucial bwrliground kvcl for kad. The Cincinnati area ha* *u r—— —•—
geological sods'

u k*4 ctoy.
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Approaimalely I-kg sampks from each location were gathered by a professional
geologist. Or. Warren Huff. University of Cincinnati. Department of Geology,
who selected appropriate sampling locations for the collection of virgin sampks
free of anthropogenic contamination. The sampks were diied in a duslkss oven
al KWC until a constant weight was achieved, bach sampk was then processed
with mortar and pcslk (metal-free porcelain apparatus) until all of the sampk
passed through a 149-Mm bras* sieve to produce rckrence house dusl. Whufield
in 1979 defined this tuc fraction as a dusl normally found m "clean room"
environments. The sieved tod was tumble shaken for I day to ensure uniform
mumg.

Dial. Preliminary observations suggested that the appearance of duly hands
was associated with dry. loose dusl area* rather than wuh greasy floor areas or
areas of dry. encrusted dusl or mud This loose dusl would be mobde and could
be associated with detection of high lead kvcls m dusifaH containers.

Several houses were sampled for house dusl obtained a* vacuum cleaner bag
coUcctions. Objects such a* twigs, glass fragments, insects, and paper were re-
moved on passing through a I-mm brass sieve. The ttusl was subfractionaied
through calibrated brass sieves to determine the panicle sue dislrdiuiion. The
fraction (approximately I-kg) thai passed through a 149-pm sieve wat rrinnrid
as loose reference house dusl.

fauu. Four representative high-lead paints of different colors were obtained
by mechanically stripping the paint, sbcing it. processing with mortar and peslk
(metal-free porcelain apparatus), and finally sieving aH of it through Ihc 149-stm
brass sieve at above.

Representative surfaces were chosen to simulate those canceled in ttudy
homes. The surfaces chosen were

black painted wood table chipped and scarred (HO x 4tt cm);
lop of cabinet black pamlcd wooJ (Mi x 63 cm);
shelf Uilencd to a wall, while pamlcd wood (60 x U cm);
unpointed pine wood (17 x IN cm);
finished pine wood (JI x 15 cm);
wood boaitl with cracked green pjinl (29 x 31 cm),
vaiimhfd wood bo*ril (2M x 2V tml.
Hue and while linnkum (Ml x 30 cm).
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doited gray and while linoleum (10 x M) cm),
rough surfaced wkile painted wooden board (12 x 12 x 12cm);
indoor-outdoor carpel, mottled orange-yeltow-brown white (JO x M cm), or-

ange ptush pd* carpet (JO x 20 cm).

SAMM-t •I

4/lfcr AnnryikW Httkotfor Lt*4 in •** f>«fll•~r~————— -m - — -~
Before laniflt-g mcihndnfngy WM evaluated, it WM necessary to develop ac-

ar^.fwu^v^mat&to^t^i^^w******"****
uniformly through nH substrate partick sues.

TMd^stionmetls«dckoee«wMdesu l̂ol>evert-ikenougkloanalyielke
fend content of pamtt. tod*, dusls. and kandwipcs. Among digestion muMrct
evaluated were 1:1:1 HF:HNO,:HCIO4lS ml); 1:1 HNO, HOO« (I) ml); ):2
HNO, HCK), (IS ml); 1:1 HNO, HOO, (10. » ml); 1:1 HNO, HO (M. M ml);

, . .
(M. 20 ml). AH Teftonware (for HF myilmni) and glassware were mewl free
(soaking overnight w 10% Mine acid followed by copious nnsm« win dtumcd

of JO and 100 mg woe allowed to tuml in Ike acid
ing

water). E pl.
tT»im~. ovcrMghi m a fume kood. and we containers were covered wnk metal-
free watck glasses (Teflon for HF-comaimng solutions) Digestion. win watck
glasses on ai *TC on a kol plate,, was continued uM no brown mirogen lesroMdc
was evolved (usually I kr). Tbe supcmalanl was uantfcrred 10 a metal-free beaker.
using a metal-free Pasteur ptpct. The acid was wen evaporated. Ten percent Mine
acid (w/v) (10 ml) was wen added with Ike beaker waMs beta* irrigated. and Ike
urnfU- were rcftuied gently (watck glasses on beakers) for S mm. The drfute
acid was removed by metal-free Pasteur ptpeu into tahbratxl graduated cylin-
ders. Tke dmcsiMn/waskMC process was wen repeated four more limes uung

on was optimal and to de-
mcsiMn/waskMC process was

I kr dMcsuons to ascertain wfcick dux 1 1 inn comp
icrmwc now many digestions were necessary for quantitative recovery. The wash-
mgs were analyied by atomic absorption spcclroscopy at 2H1.) nm HM«« an
acetylene (4 kten>minXair ( II kters/mm) flame and Ike ciurnal standard mewod.

Tke 1:1:1 HF HNOjiHCIO, muiwrc was mducd 10 ensure WM any smcate
mauu was msnipicd and 10 produce we reference resulu.

Matures of sptafic pnmu. sods, and dusu w luwwn wemjiu wen also ana-
lyied.

After we optimal dineuioa muture. number of duytlmm. and vommes kad
been ascertained, we optimum number of dwettioM was combined. Ike acid
evaporated HISI to dryness. and we reuduc wen rcdutolvcd in M» mtnc acid
(10 ml) as above for atomic abkorpnon speciroicopy (AAS) analysts.

To decrease analysis lime. Ike CtM Corporation Microwiive Dryina/Di(eslion
System (MDS-II) was uidticd to diaeu dusl sampks. Since ike dmcuwu were
performed w a percklonc acid fume kood. HO could not be uted. Tbut. 10 ml
of 1:4 HNO, HCIO, was ulilucd in a program consisting of kotdmg M 2i% power
for 10 mm fallowed by 7S% power far 10 mm and fwally I J mm at 0* power.
Tke supernatant solution was Ike* transferred Ttu» was repealed two more limes
and aH we supematani sofcMions were combated before evaporation just to dry-
Ms*. Tke residue WM rtcoiuimtiT't as above M 10% nitric acid for tend analysis.

This microwave technique allows quick sampk lurnMOund lime compiircd with
a not plate technique. Control digestion muturct were also similarly analysed.

Sampling Ttitnuqatt Hotut Dun
Tke pump uldiied was a calibrated ballery-operaled Bendu Corporation. En-

vironmental Science Division Model BOX 10/11 personal sampkr. TVgon S-JO-
HI, lubmg. 6.4 mm o.d.. was used lo connect Ike pump lo Ike polystyrene sam-
pling cassette, a 17-mm-diamelcr tkree-pstce Aerosol Analysis Momturs cassette,
preasscmbled with a WM ccHulosc support pad. O.l-um mucd ffmdoat ester
pUin while filter, and stoppers (Mdlipurc Corp.). ike three sccUOM being held
together witk an outside cellulose band I Must Safely Appliances, Pan No. 425411)
or parafdm wrap. Five-ccnitmeier lubmg (Teflon. Tygon. polyvmykklonde (1, 4.
9 mm i.d.)| was attacked lo ike sampling pun of we cassette lo ascertain Ike best
lubmg diameter and material. Tke more infkaibk tubing, e.g.. Teflon and poly-
propylene . required a buit-to-buii JOUM made of Tygon lo allow connection to the
cassette. Tke sampling end of Ike lubuig was cut at angles of 0. JO. 4). and Vf
to ascenain Ike optimum surface contact angk for sampling.

Tke initial sampling efficiency determinations were performed on a smooth
plastic container of dimensions 11 x 211 x III cm. Dusts (approximately '•• 20.
JO. 40. SO. and 100 mg) were deposited M evenly as possibk on the surface by
passing we reference house dusl through a 149-um sieve while slowly moving
Ihc sieve 1 cm above Ike surface. Tke surface WM then sampled at 2 kters/mm
by drawing Ike sampling tubing over Ike surface (with Ihc thumb on we some of
we tubing) always in one direction, usually across Ike widest ponton from kfl
to right (if right-handed). This procedure WM repeated five limes. Tunes and
weights of dusl m the cassette and in the sampkng tubing after cacb pass were
noted as well M relative kunudily. temperature, and atmospheric pressure. Thus,
mass balance considerations allowed estimation of ike lampling efficiency, ike
effect of surface loading, ike optimum number of sweeps, mid we effect of each
pump. Tke amount of kad collected was used M a check.

Situate of lample. The collected dusl samples were stored (stoppers on) with
and without desiccating Dricnic in quart-sue Zsploc bags (Dow Chemical Co..
Midland. Mica I (o assess storage slabdtly. Cassettes without dusl in them were
also included as controls. The effects of storage intervals of up to 2 months were
Msessed by direct weighing.

How rait tteptitatitct of tamping. Flow rales of I, 1.2). I.SO. I.7S. and 2.0
biers/nun were used on we surfaces to ascertain we influence of few rate on the
sampling efficiency

'II/IIWJM r of turfai-e type on lampUng efficttmcy. Tke representative surfaces
were then evaluated by Ihc oplunucd »repkng arrangement. As above, five sep-
arate sampling passes were made over each surface. After Ike filth nmftng pass,
a final sampling pass with a 2u-blcr/min pump was performed. In some instances,
five passes with the 20-bler/min pump were performed followed by one pas* with
Ihc 2-lncr/mm pump In another sel of eapeitments. the sampling tubing WM a 1
x l-cm-i d piece of stunk is steel JOb. with the sampling end compressed lo I 5

cm width and 1-mm apcnurc. This was foancrried bull lo butt lo Ihc cassette by
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TVgon tubing A weighed amount of reference bouse dust (around SO mg) WM
applied to selected surface* through a 149-um sieve. The flow rue of the pump
WM 2.) biers/nun.InjtWnrr of ••riirlr tut n/ elstil on ttmplutg fjffsrtrnry. Dual from • suigk
frm**""*1* obtained by a vacuum sweeper WM sieved into known weights of dusl
m Use following diameter (urn) ranges: 44; 44-149. 149-177; 177-244; 244-191;
and 391-111. Sanyhng WM performed with the optimal irfhnnuu' validated on
me plastic surface utilized in OH irsl study given above after deposit me, W mg
of dusl into an area defined by • kmpfaif of iintplmg area. 414 cm1.

lufluenct 0/pc*rlirMT uu am insM/rr o/Jutl to in* hand aftmuH ndnfu. Known
weighis (around J g) of sieved dry dusts in the partick sue range given M the
immrdtatrty precedmg section were spread M evenly M possibk m 7-mm-deep
plastic pctn dishes (M cm1). The hand of a small nduh WM then placed lightly
over ibc dish, and the hand and the dish were inverted and then remvcned. The I
hand WM removed from Ihc msh to thai nonadhcnng dusl fell onto the weighing ;
paper. The dusl weight adbcnsg lo the hand WM found by subtraction of me
remaining weight.Jtrrawr* of diui from uu*pb»t CAIMIIM. To analyie the kad content in Ihc ;
collected ihttt. the dust WM transferred from the cassette so the ibgoltim beaker.
The contents of the cassette were rinsed out by irrigation with wash batiks (three
nnscs) cnnisimng distilled water or 10% mine acid The water or mine acid was
then evaporated just to dryncss at IOQTC. The kad content WM ihen found by
digestion/A AS. The kad content of the same weight of dust contained m • beaker
and analyicd by the same method WM also found.ArprrirMMMivrnrir ofHumfhmg kotat rftul. A I-unit square template (4114 cm1)
was uldued lo define the mmpkd area on HOOTS in several home* where coverage
of dusl appeared typical and uniforms to Ihc eye. In one case, a 12-uml area WM
sampled m I-unit increments on a carpeted surface, and ihc mean weights and
kad of coMectcd duet were compared.

Snmnling- T«rnwoM/i. MonnVtpmt
Handwiptng for kad has been reported by Chancy ti tit. (19*0). Sayre n of.

(1974). Vostal el «J. (1974). and ChavahtnHikul «i nl. (IS04). None of Ibcse m-
vesiigaisons assessed or documented the efficiency of their methodology. Several
wiping materials were evaluated m Ibc present study: Wash n* Dry Soft Cloths
UOMI Towclkttcs No. 4M9IO; Abco Nice Clean Tbwktlcs; WashkuV* Hospital
racketics; Walgrcca t Brand Wet Wipes; Ubn and Fink's Wet One*, and Baby
Sue Wet Ones Hand nnscs were also evaluated: O.I si HNO, (Rods tl nl..
I9W). and 0 01% (v/v) Zest soap solution. A combination of bandwipcs and
nnsmg WM also evaluated. Three different types of house duus were uldued.

For the vaHdalion studies in the laboratory, the hunts* subjects (children 1 lo
Ift years old and aduhs) thoroughly washed Iheu hands with soap and water, then
binned them dry on a paper towel. The hands were then noted with MU ml II I
st HNO,. The acid sokilion was poured slowly over all wulnccs of both hands
up lo the wnus and ihc runoff wtkMion cotteclcd by a large ptatiw funnel sup-
ported by a nag stand and positioned over ibc opcwng of » pt»»t«; sample bag

(«|ua(t2-MM Ziploc) which was ulilucd lo More Ihc sample. Tbc hands were again
blotted. A weight (W mg) of reference dusl of known kad content was placed on
the sut^ecl's palms with bands held over a plastic pan lined with waxed weighing
paper. The dusl was thoroughly rubbed onto all hand surfaces by rabbmg Ibc
bands together for 30 sec Nonwlncnng dusl WM caught by the waxed paper
which WM ihen wcujhcd. The weigh! of adhered dust lo list hand WM then found
by subtraction.For handwipes. one lowelklle per hand was uldiied. The towclktle WM un-
folded All hand surfaces up lo the wnsis and between the fingers were thoroughly
wiped usmg a rotative monon. The lowelklle was Ihen placed in the Ziptoc ojuart-
suc bag for storage. The wipes were repeated five tunes. After the fifth wipe,
the hand WM rinsed wrth 0.1 M muse acid M detaikd above. For nl these oper-
ations, the wiper wore gloves.For band nnscs. the saase apparatus WM indued M described above for the
0.1 M mine acid wash. Tbe Mtt-ml sokaion was slowly poured over aH surfaces
of both bands up lo the wnsls. or Ibc solution was placed MS Ihc bag and the hand
placed in ibc bag with Ibc hand waved back and forth five tunes in the solution.
This nnsmg procedure WM repeated four more times. After Ibe fifth nnse, the
hand wax subjected lo one wiping M detailed above for handwipes.

The nnscs were transferred lo a MO-ml beaker. Tbe plastic bag WM nosed
three limes with deionucd water, the washes were added to the beaker, and the
aqueous solution was evaporated just lo dryness. Unused bags were also similarly
analyicd. Tbe sides and bottom of the beaker were rinsed with J ml of 10%
Ukrci mine acid from a Pasteur pipet. The beaker (watch glass oa) was then
pUced on a hot plate at IOOTC for 2 nun. The cooled solution WM transferred lo
a 10-ml cylinder, the beaker was raised with 10% mine acid, and Ihc nnses were
added to the cylinder. The volume waa made up to 10 ml. Tbc Baak WM shaken
vigorously and analyzed for kad.Soap solution rinsings and washings were evaporated in a 2M>-ml beaker on a
hot plate at lOPC. Ten mdhbiers of 4:2:) HCI HNO, HCKJ4 nusiurc WM added
to Ihc cookd beaker, and the sampk WM left overnight The sampk WM then
healed for I hr al IOOTC (watch glass on) and then evaporated just lo dryness.
Nitric acid <IV% (v/v); 10 ml) was added, and the solution WM neatly healed at
liwrc for 2 nun and Ihen transferred lo a graduated cylinder for lead analysis.
The washing process with 10% mine acid WM repealed two more limr-i. Soap
and acid blanks were also run.Each handwipe was placed m a JO-ml beaker, the optimum digestion mixture
(I) ml). 4:2:1 HCI:HNO,:HOO4 was added, and digestion WM earned out al
lUTC until no txowa gas was evolved. The acid was then decanted into a beaker
alter ccnliiluaalion al TOO ipm for 10 nun. Ihc acid evaporated uisl M dryncts.
and Ihc residue WM solubtlucd in 10 ml of 10% mine acid as described in the
section on digestion. This procedure was rcpc*ied five tunes. T**s lcdiout process1

oiicn look up lo • week 10 cumplcie To khuncn analysis time, Ibe Cta! asicro-
»»vc oven wn» ulilucd 10 curry uwi the dmctiion

la ihc fuvil mcihuil. e«.h luAd »•» wiped iluce unstt. M* ine «a hanJoipcs
wcic plabcd in a BUU-as) boaacr ut »hn.h 14 MNO, HCIU. aud (!<• •» WM
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added. The microwave oven was operated al IU% power fur 15 mm and al 50%
power for an additional 15 mm. after which Ike content* were swirled minndly
and then processed -0—n for 15 mm al 50% power. The beaker was transferred
lo a km plate and ike acid just evaporated lu dryness M 25VC. After cooling. Ike
rr-"*— MM radmotvnd m M ml 14* wine acid M above far lead analysis.

RESULTS AND DISCUSSION
AmVyrirW Utlkodt far Dtut. Soil. nnJ fautl

AM duyitntn mtilurcs gave Ike tame lead conceniraiiuns for the panicumr
pauM. sod, and dusl. Tabk I tbows some sample results for nonmicrowavc
metkods. Even m Ike 10% paint-M-soil nusture. Ike observed percentage of kad
PBMM was analyzed correctly witk Ike relative standard error (USE) of 17% for
6:2:5 HCI HNO, HCIO4. J.J% for 1:1 HCI HNO,. and J.7% for HNO,. AM these
methods showed thai painl and tod required three digrslirtns/dfcanialions. and
dusl required only one. Thus. Ike final method cnladcd performing Ikrcc digcs-
itons/drcantaiions for aM sampkt. Tke only difference for Ike more reactive acid
dsgesnoM. tc . 1:1:1 HF HNO,:HOO4 and 62:5 HCI HNO, HCIO4. was thai
only two digesiions/dccanuiioM aMowed >99% recovery of aM kad. One dnje*-
Isnn/decinlalinn for these dsgcslion mulures aMowed >96% recovery. The mi-
crowave technique was hmMed by Ike fact thai HCI could not be used since il
would attack the perchloric acid fume hood. Ncvcrthckss, for ihts technique. •
5:4 HNO,:HCIO4 muiure gave the best results, but three separate dwesiioM
were sliM necessary to achieve >9*% recovery of kad (TaMc I). Lead values for
aM four representative pawls cinmincd (not aM lafriilalril) tiling these lechmuuc*
were essentially identical.

Tke analysis of lead of Ike native geological strata in the Cincinnati area re-
tuked m the following (the data from the 1:1:1 HF HNO, HCIO4 digesliun arc
provided finl. and data from 6:2:5 HCI HNO, HOO, digeslsun arc provided in
parcntkesef. AM daia arc expressed as mirritgnsmi U per gram toil): Illinnan

TABLE t
rcxtiiiinii ur LSAD lUfuvuv nm Dttitunf UjotsiWH RtACkMii H» W «K of Tmu

fa*n. OM SIM.. ONS HawsiMm. «MO Out StmJtum Mur

SAMPLE LEAD MMJMCES *5

Uikc bed cUy, 164 (149). weathered llbnoian red ull gUcul liU. 22 9 (12 I),
unwealheieil lUinoian (lacial Id). 16 6(10 S). fraclurcd Kopc (ornuliun sluk sod.
22.2 (22.6). hurvicw formalMM Itnwuone soil. 19.2 (IK 6), Kope romulion shak.
14 2 (D.2). Tke relative standard devwlMMs (USD) ol all Ike values were wunia
!•%. Tkc only two sods which gave ddferiiuj rcsutos for Ike two dstfslmn leck-
•touct were Ike unwealkcred (Ucsal till and ike weathered IMinoun red sill flacsil
liM. for which Ike dujesUun mixlure not conlainin,t HF was U and 5}% efficient
compared with a mean of 96.1 z 2.1% for the other soils. Thus. Ike uMt nave
more uUcaie-bound lead. Tke results also show kiik kad contamination occurred
duruuj ike drying, sieving, and digestion processes. Hence. Ike native geological
Unia around Cincinnati do not ciceed 2) |ig Pb/g sod and contribuU al kasl 11
ug fb/g sod for aM tod types. Tkerefore. kad values greater ikan 2) ug Pb/g in
house dust must be related lo anthropogenic activity rather ikan lo dust from
pristine dutt of the region. In both technwtuci. only two digestions and decan-
lalions were necessary lo account for >99% of aM kad. One digcslion/decantalion
accounted for >9V% of Ike kad for all sampks etcepi for fractured' Hope for-
mation skak sod 1111%) and Fasrview formation limcslonc sod (911%).

Tkc reference house dusl sieved MHO us consuiucnt sues (enumerated above
in Ike section on luflittmt of particle tite of dun on uutftmg r/jfirirnry) gave
Ike kad content information coniatned in Tabk 2. Tke concentration of kad was
generally independent of partick size, but most of Ike weight (ca. 75%) was
conuuned m the (raciioa < 149 urn. Thus, most of the kad was also contained in
Ihu fraction (77%). This supports ike use of iku sue fraction as • reference house
dust.

For handwipe materials, ikrcc successive digestions/dec am alions were required
lo recover >9g% of ike kad using Ike conventional not plalc wet dtgeuioM and
the 6:2:5 HCI:HNO,:HCIO4 muture. Tkc fust digcsiionMccaMMion of a given
handwipe material removed between 55 lo 66% and two successive dsfcsuons/
dccaoiauoQSp 89 lo 91%. Thus Ike multtpk digcsiion inckmojuc aMowcd iwsce

TABLE i
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Ike efficiency of • singk dujeuioa Tke kame rekulls were observed for Ike mi-
crowave method wkick uiilucd 5:4 HNO, HOO4 tad tii kaadwtpes (three bom
each kind). However. Ike recovery of spiked HNUC lead M Ike fmi inuufer wat
0*%. Tke major advantage of ike latter Icchaiqnf wa* Ike raptdtfy of Ike aaaiytts
14 kr versus I week for Ike CMVMMMM! method). These results ikow ikal • tingk
ifMufer utmg Ike acid MTVCM May MI recover all ike kad M a

i of NMC land May he acceptable

fiMjhjsj IWtaiasiri. For MMMT Otsil

II wat found ihM an aagk of 45* for }-nsm i d Tygon lubmg WM u_ ^__
taMpkng configurMion for patting Ike saMpting lube over • sMoolb surface.
Tygon WM probably successful becaute of Ms fksibk aalure compared with puly-
propyknc and Idfon. Ftelkcrmore. comparatively inarotimk surfaces such M
window MM. comers, and kdge* could he nmytri M wen at Boors and other
large MM surface*. A IT angle dtd MI allow enough contact av volume to be
putted by ike pump wkca ike lubmg wat patted over MM surface. A *T aagk dMl
MM allow MaBcicM CMMaci of Ike putted MT with Ike turfece to be irrrlt*.
rcsuktng m mefTtctcM sampling A r MM* did MM aOow a Mcuoa M be devel-
oped Tbe uaialrr did MI sampk duut M aH bdow a Aow rate of 1.25 hmfmm.
aad M wai MOM edkwM aad rcpnMMcibk M I 75-2 0 bur/mm. Ike Aow rale
kerc «kowM« arouad 2* weciuoa Tke amoyM of duti rtmard ia Ike Tygoa
iimpliMj lube before Ike cattciic wat always around 4 lo t mg. Tkut. >«J%
colkcuoa cAcicacy for we cMteiie would rciuiirc MI orujuwl —— nt of duu lo>
be umaltd of M katl M mg. Tkit wat also Ukowa dvcctly by eiaenmcM. Tke

thai could be rampltid wat Momrf 5 a. At catxiu duu weiakti
fewer Ikaa 40 m«. ike dutl w ike umpliMj luowfl wat woaked. Storage eipen-
Meau revealed HUM duti could be uored for ataay moMkt if aeccuary awanimj
metal aaalyiu The ckMujet M wcigkl obtcrvcd were canted by Ike protrcuive
drywgoul of ike cdkdote iknak baad bmdmt Ike caueilc loaelker.

It wa» fouad IkM Ike fdier itielf dMl MM colkci all of ike duu wmpled. aad w
foci ike coHectcd weMjm oa ike filler wat MM proporuoaal lo Ike amouM of dukl
MMpkd. we prooMiMNi varyMt from a to 15% iw/w) over • total sampled maM
na«e of 50 to 100 m>. MOM of ike duu deposed oa Ike wde» of ike cnk»ciie
due to ekcUMiMK MinciMMt Fiber breakikriMMjk at Measured by ptaciMj aa-
othercatsciic bcluad Ike first OM wat ku ikan 0. 1% of ike total MMOUM of duu.
Tku*. a •juaauutive recovery leckaiouc kad lo include recovery of all Ike duu
M ike cassette aad ta some uuiaaccs for coMccled wcigbls ku ikaa 10 Mg. M
ike TygM lubuig juu before Ike catscllc. Tke two waUMag lccluui|ucs cvakwlcd
far duu recovery horn Ike castcllc aad Tyaoa tubing before lac castciic both
gave 100% recoveries with, however, ike water wasluag providing • rcUuve prc-
CISMMI of 10% father lhaa 14% as observed far lac BUCK acid wwluag medium.

The fctulit for sampling luosc duM oa reproeauiive uirfaccs arc Utowa ia
labk ) These cffkieacici are ia rclalivc weight pc(ccni««c of tccuvcicJ duu
aad define Ike cumulative recovery by the five wipe* •» IOU9t. In •!! i»»t». ml
kul ihiee sweep* were accessary lo recover rcprodwiMy at k»J IH% uf ihe
recovered oust fat Ike 2-bui/aua puasp iiad alw> fur Ihe 2U-btcf<«ia fumf Ihe
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recovery for ikrce sweeps wat »l i a% (meaa t SD> for the sevea surfaces
reUltve lo five sweeps uf the 2-blei/aua pump Tke corrckpuMliag recovery far
Ike 20-utcr/aun pump was 95 x 4%. nut kujuilkaMly different. OBJ a recovery
basis. aH surfaces gave tlaitslically cquivukni vahtcs for both pump* eicepl far
surface No. 7 (shag rug). Fur the 2-Mci/nua pump. Ike recovery for one siatphag
piiks oa surface 7 was only 42%. a reasonable rckuk. Thus, one sweep wat nut
suAicttM lu sample surfaces cHkicnily. For Ihe 1-hler/awn pitmp. the rccuvcry
fur one sweep varied between around 42% (far tnag rug) to 77% (for wood beudl.
ahhou«h Ihe efficiency (or surface* I lo a M Table 1 was 47 x 5% with • USD
of 7.)% In lhi> CMC. fur kurfacck I lu * cunclaJMMU nnking iluM htvcls lo other
parameters (vi< . btood kadi would not be chatujcd smce the pnciwua of re-
covery is high in spue uf nunupiimaJ c(Ticicnc|r However, if t*e umpknj«ft>
cicnvy iscalicmcly varMMc. ikcn the uhMr»cd corrclntMM wit* Mood taad

«v«a
tvcn lor ihe JO-Uu. «o« puaip in* re*ov*rv tut OM »*m»

r» IKM •*»• ra«M lu •«* thai (ainiUMj wuurf huardl. SB* ratt
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I 10 4 for ow sweep was 79 * 9% wilb • RSD of 1 1%. Furthermore. Ike quaa-
UUuvc Miurc of Ike recovery with five sweeps by Ike 2-hicr/mia pump oa star-
facci I 10 4 wmi dcmoattrated by Ike bet thai acalMjibk amounts of AIM were

I ia • clean cassette wkM Ik* surfaces were swept aaam by Ike Jt-bler/mia
Ike 10-hler/mui pump ted May disadvantages: M was aoisy. heavy. aad

required kM vokaat. Furtkarmorc. siacc ike study ko«et very rarely kid plusa-
pik carpel. Ike kfki. portabk. quiet saajpuaa: pump was utilized wuk three
»wccp» of surfaces being performed (samoluuj Hast J-1 ana) over a 4H4-c«' area.
For surfaces I 10 4. Ike met* recovery for a Ifcree-sweep techasqur- relative la
five sweeps was 94 x 1% (meaa xSD). Tats was MM any beiwr maa for the 2-
bter/mui pump 92 x J%. The use of muMipk sweeps mdbfied Ike depeadcace of
ike coNecuoa efficiency aad precision oa Ike type of surface sampled. al kast
for these surfaces. Few haute lead sludttt have reported vakdaiioa methods kkc
Ikose M the prcseM study watch cauirc thai tiatphat eflicicacy aad precMiaa
arc aot imfnimai uacoairolkd variabks whea umpliag wirfacc dusl.

The sampbaf reiuhs M Tank 1 arc for loose dost < 149 pm applied oa various
surfaces. Use of loose dust i insulated ike most availabk dust surfaces to a child.
The ac»l steps were to assess at < 149 pa* was a realistic reference house dusl
pariick siie. u> find if Ike lead coaccatraitoa varied with panick sue. aad to
character!!* the niapling efficiency of Ike optuMicd sampan* iechaM)ue for foosc
dust of dtfkreal panick sues. These resutts arc presented ia Tank 2. Oa • weight
basis. 74% of ike pooled house dust composite comprised pariick diameters < 149
pm. The fraction 149 to J92 pm coasiituied only 11% by wcmhi of the total dusl.
The diameter ranae 392 10 Ml um compmcd 1 1%. As can be seca. lac unifKnt
eflicicacy did aot decrease uaul dutmeten of 177 pm were cicceded. aad even
the 177- 10 244-tua fraclioa was sampled with 47% efficiency. Above 244 urn. the
sampkai efficiency was * 14%. However, whea the kad conical, the amount of
each site fraction, aad the nmriaag efficiency arc lakca iaso accouat. the five-
sweep limphng protocol for a M-mjj dusl of si/e < 149 pat would cuMcct arouad
72% of the lead; for particles <I77 pat. the efficiency was also 72%. The cal-
culated overall eflicicacy for collecluuj lead in the uafracuoaaicd dusl would be
arouad 42%. However, with either three or five sweeps, the RSO would be kss
than 10%.

The ncii step was to assess if the sampbni of a IMUI 14*4 cm') area debaealed
by a PkiujUi lempUlc aavc rcprcsealauve rcMths for • typical carpeted surface.
The twelve uaM areas yielded a meaa ± standard deviation of 21 ± 4 nu] dusl.
Thus, umphag a uait area appeared to be representative.

All Ike above ckpchments involved Ike optimum Tygon lubuu] coafi|uralioa.
RcMilis for the siaMucss steel lubiag modaficalioa arc provided ia Table 4. In spile
of the vanatioa of surface types, the recovery rcsuhs arc similar to those for the
optunued Tyfoa lubiai sampkr. Afiun. after larec sweeps. Ihe RSD in cumu-
lative recovery was 4.4% (compare 46% for three kumplini pav»cs for Ike seven
surfaces m Taok 1 for the Tygoo sampkr). Thiv cooTirms Irul rcpelllive wiaplini
will provide precise results However, the absolute recovery (or the slamkss ueel
Mmpkr was 57 s 14% for five sweeps compared with 72% clfkicacy from Tabk
2 for Ihe Tyaoa iimparr for the dwmctcr fraclioa * 149 pm.
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Recovery a/Lrad/rom Haml*
Tabk J shows Ihe data for the recovery of k*d from the hands of children of

age J u> 10 years aad from adults usiaf haadwipwf,. •sadnaime.. aad a cnrntii-

ll is clear that rewdls based on recovered hand kad instead of absohiie kad
recovery can be nuUeaduuj. since 100% recovery with rctpctl to recovered kad
often did not coincide with 100% efficiency wMh IODCCI to the kaowa mass
applied. Haadwipe Ircalmcnts I. 2. 4. and S and handnasc Ircalmeal I were in
this catenary. Haadwipe treatments 1 and 4. handruikC 7. and lac combination
method treatment 9 were more cffkicM. However, the handwipc asalcnal used
ia trealmeal 1 became unavailable For irealmeal 4. four wipes for cluUrca and
adults were necessary lo achieve 9) x 4% larUkmeiK mean s tuadard devia-
tion) recovery of recovered kad corresponding lo 99 i 24% absolute eflicicacy
in the cases where known amounts of kad were applied. Three wipes for lical-
meni 6 for all children and adults was It) i 7% efficient with respect lo recovered
kad: Ihe RSD was >% compared with 4% lor four wipes. Either three or four
wipes is probably acceptable Taok ) alto thows that the laboratory espenmcnls
deaknn with known hand kad actually umuUlcd the recovery of hand kad from
children in bujh kad homes, where the quantity of hand kad aad ike form of
hand kad was unknown.

The treatment 4 haadwipc contained water, SP alcohol 40. propykat ajycoj.
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wu )22 car1.

MOM of ike rcwMcker* wko kavc puMitkrd kiwtwipe icck«i<|uc* kive indued
o*ly one wipe or oac wuk Md k»ve usually MM provided docufacMMioei o* Ik*
cflkicKy of ikcir rnelkodology. Eve* if Ike irealMCM * kawtwipc kid bee* used
ky previous mvcui|»lor* im Ike SMME mwutcr •» w Ihc prekcM Oitdy. I
cflkieacy of lend recovery lor OM wipe would be M t W%. • MUU

This fkjurc was computed from Tank J uung the abuMMc recovery for
one wipe as calculated from those openmcaU lor which abMMHe recoveries
were known. If one wipe of Ike kandwipcs uiiliud m uuimcnik I u> 5 were
ulUucd. ike Cfpuvalcnl fitjurc would be JO i li%. sialiuic»lly indi»iiimui»k*blt
from ike results for Ircalmcat 4 because of ihe very puur ptcciMon Thu». unlc»
three lo five wipes arc performed, very poo* piccuwa in tuaxt te»J kvcU wnl

watwnl nf UM typ* of knndwip*. and probably MM enough Had wdl

be coNecieii for wutly îk purpuxk M auAy catck la iulatiHio. ike puor preciuua
lor OM; wipe atciuu ikat cuncUuo<ul Muly ws will «lw> knvc conckpuailtnc poor
prccikiiMU. unlike M Ike kou»c ouvl umpbMj ieckaii(iic wkcrc a (oad precision
for one uoiplinc was obi«i*cd M kpMc of an lacfhcicM mcikud.

Wke« one kandfMM wttk 0.1 14 HNO, was performed, ike absolute recovery
w»» 45% Tkui. ikree lo five ruuck are an̂ m Mccssary lo approach an absokiM
eflkicncy of 10%. Thu probably sujmTiek ikal pan of ike dusl is ffigrainrd in MM
kand and reoMircs pkyMcal rubbini lor removal. In all bkckkood. one k-rr*rrn*
wiH nave mure precision Ikan one kandwipint. akkoufk Inn lest was not cukc-
Mly perforated li u ckar from Tkbk S itwl recovery of kand kad depends MM
only on Ike type of kandwipe or rinte bul alM> on Ike number of repetitive wipes,
Ike Ullcr factor betni motrf important lo eawuc ikal comparabk efficiencies are
Mlamed for diffcrcnl kind*. Since dMTereni invcMi«iaori wipe wnk dOkrcal pres-
sures, clearly all invcslitaiors skuuM vakdalc Ihetr particular letbmoue rather
Ikan assume ikal recovery it cjuanliuiivc or Ikal Ike sraminl detected is MHO-
ffnalically *kbioavadablc '*

Tke combmalMNi method gives a salisfaclory recovery of M% However, smce
use of duulc MUK acid was not eagerly welcomed by Ike invctltfaton for nuraan
Mudies. nandwipinf alone was Ike tccknioMe finaNy cnovea.

Tke recovery of spiked tome lead in ike k»mlria>c sukmons was ilways 9t lo
M%. Tke lead conical of kandwipe materials varied widely, rcachms a htgh value
of J u« Pb/| kandwipe for ike kandwipcs of ueaimcMs 4 and J Tke kindwipc
far ucauncni t tcAcrally kad • lend value of <2 t>4 PW» tondwim:

Deptmifitct o/AtOteremcr o/Ouit on JWiirlr Sue
Once an adequate method (bandwipiMj. IrcalmcM 6) bad been found for re-

covery of hand lead, M was putubk lo USCM rf iberc was a panicle sue depen-
dence of adherence of dust to ike palms of Ike (lands. These results arc provided
Mlnkkn. When ike Iwo dusts of Urneti diameter (>Mn sum) ate f irlndnd. Ike
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average adherence is around 0 Ji i 0.29%, or Ihe maximum capacity of each
hand is 21.9 x 1.9 mg Since most duals <246 pm in our study houses contained
l)% of Ihe weight and 11% of Ike kad (Tabk 2). Ihe potential hand kad for •
dusl wluch contains I mg Pbfe dust could be a maiimum of 25 ug lead.

Value* of up to 2M Mg Pb recovered from both hands of our study ckddren
imply a minimum Pb rrmstnt of around 4 1 mg Pb/g dusl assuming fqual kad
distribution for botk kands and) Ikat Ike kand is Ike tame sue as our adult subject;
thai i*. ike muumim rapacity i* 29 mg dutiAand If one finger represents 12%
of me area of a kand fimliining 5M s>g Pb. Ike amount of kad recovered from

LEAD souacts 9J

she (infer could be up to 20 pg atiummg equal coverage. If it i* known) front
okMrvaiion wkkk part of a hand ike ckdd (avors bcking. then Ike dusl oil Ik**
area can be lampled quantitatively using Ike muHipk wipe Irrkmaur or CM be

I equal coverage if not enougk lead can be toicclad.
lemyfcng O/MMIM Dial an Grtmty Surf mett

Tke metkod for dusl sampling discussed above aNows precise sampling of loose
dusl < 177 urn m dtimeter. wkick appears to comprise •!% by wcigkl and 12%
of the kad mnlimrrl in typical dun* from houses of ckddren fmbte 2). To recover
larger diameter and ingrained dusl. we applied our kinitwajiing leckmque (live
wipes) lo the doors jusl limptrd by our optimized aKihod for loos* dual. One
wipe was also not sultscienl lo i ample ibis lype of surface. Obviously, each sur-
face wdl have its own lype of kad loading, and sampling decisions for surfaces
with greasy dusl and encrusted Mud wiN depend on Ihe Male of Ike deposit.
Quantitative lamphag of kad in greasy surfaces presents a researck probkni of
coasHkrabk diflicuhy In any event, kad in loose dusl is probably more available
lo ike child than HI greasy deposit* or encrusted mud. The vacuum method is
SUN appkcabk.

The resuhs of Ike efforts m our ful study lo conekne blood kad wish
and houat dun kad are beyond the scope of uus paper and wdl appc

CONCLUSIONS
If a sampling method ha* Ike same efficiency over aN surfaces kkely so be

encountered in a study, then correhuional analyses wdl not be affected unteu Ike
•«!••* detection level is not ctcecded. One wipe recovered I lo 12% el Ike
kand lead with a RSD of 42 to 110% irrespective of Ihe lype of handwine. I*
contra*!, one tampkng pas* wnk Ike Tygon lube umpltr for loose bouse dual
witk a^-bier/mm pump recovered *J t 11%. aad one pass wnh a 20-hter/mM
pump recovered 74 t 12% on Ike surfaces lesied. Smce Ihe precision of sampling
hard, smooth surfaces was generally acceptable, vahd correlations would be ob-
tained m spile of the relatively poor sampling efficiency. This would not be so.
however, if not enough dusl were canceled 10 caceed ike detection limit or tf Ike
samphng efficiency were markedly dependent on the lype of surface. Since Ihe
detailed aspects of samphng protocols, details on types of surfaces, and a surface-
specdic compartmcnlaMialion of environmental data arc rarely attempted or pro-
vided in pubbshfd studies, the Ime conelanons between btoud kad. hand kad.
and house dusl kad can be dutoncd by the variation inherent in Ike i

technique. The biological meaning of Ihe kvcls found on Ihe floor aad on Ihe
hand depend on the situation. Thus. Ihe chdd may prefer one area lo other* aad
may suck a preferred finger or part of the hand. U*e of the strategics presented
here wdl maauMic the likekkood of detecting Ike suspected loucani once by-
gwmc and preferred area considerations are laken MHO account.

The choice a* lo which house dusl sampkr lo use. the Tygon or mink** steel,
does not arise if correlations alone arc being considered since both urnpk pre-
cisely u* Ike repetitive sampling technique is employed. As lo Ihe iignuVaarf of
Ihe absolute levels, the lype of surface determines the significance of Ike data.
Optically smooth surfaces are probably besl sampled for avadabk dust by Ihe
Maudes* steel sampkr imce its sampling geometry and Ihe surface arc relatively
consiaal. If the surface has cracks or stgndlcant sleep depressions into which
lingers of children could be poked, or if Ihe surfaces have corrugations, e.g..
some window stirs. Ike* Ike Tygon tubing sampler is probably favored smcc Tygon
i* fleiibk enougk lo renck tuck places. The siamkss steel (impkr wa* Ike one
ckosen for ike surfaces in our study komes.

This study has show*) thai much variation can be caused by not choosing a
sampbng method with a umpkng efficiency independent of surface* or by not
being abk lo collect enougk kad for analysis The house dusl samples were loose
and relatively availabk lo Ike child ll was demonstrated thai loose dusl partick
sues 'Ttli |im rnulrt *i*»frr in • rhilit'i hanih Tke study also showed that loose
house dusl and loose kand dusl could be sampled adequately by al least inrcc
repetitive samplings. Tke techniques developed kere arc also potentially useful
for samphng house dusl in homes near smellers enulling arsenic, cadmium, and
other nonvolalde loiic compounds in aerosol form. The strategies for establishing
sampling efficiencies are also pertinent to other areas: forensic chemistry, eg..
for handwiping hand* HUM contact a gun. or assay dusl and sods for |
from car accidents; m occupational kygstnc. for eiampk, in foundries; and en-
vironmental chemistry, e.g.. assessing probabk ciposurc of ckddren who moulk
dtoiin-contaminalcd sods In any event. H i* kfcely thai a muMipk wmc meth-
odology wdl have lo be used for effective and sensitive samphng.

The preceding results have demonstrated thai house dusl and hand dusl sam-
pbng technique* have lo be validated for each investigator before homogeneous
data independent of tamphng bias can be obtained. The literature commas bilk
documeaUlHM of Ike efficiencies of kandwiping or house dust ismphag tech-
niques. A very recent report documented that the Occupational Safely and Health
Administration (OSHA) wipe test (or kad-conlaimng dust <40 pm dumeier using
filler paper varied in recovery between 31 to 212% for different wiper* on Ihe
same smooth surface (ChavabHMikul and Levin,. I9M). Moistened filler paper or
paper towels were more effective g9 * 2 (mean ± SO) and 79 ± 5%. respectively.
For porous surfaces kke plywood, the filler papers and paper towels allowed only
M i i and )5 z )% recovery, respectively. Adkesive surfaces were more cffi-
cienl for plywood (64 ± !)%) These investigators alto uldi/ed handwipmg and
facewipmg to assess if blood kad could be correlated lo hand and face kad. They
did not validate Ihcse techniques (Chavidiinilikul rl *J . I9H4).

Since invcMujaior* have their own techniques and can wipe more or kss m-
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